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Battle and $\mathrm{F}\mathrm{e}\mathrm{d}\mathrm{e}\mathrm{r}\mathrm{b}\mathrm{u}\mathrm{s}\mathrm{h}[1]$ , Frick and $\mathrm{Z}\mathrm{i}\mathrm{m}\mathrm{i}\mathrm{n}[2]$
curl 2 $\int(\nabla\cross A)^{2}\mathrm{d}x$ $\nabla\cdot u=0$
Fourier $2^{N}\pi<k<2^{N+1_{T}}$
Fourier curl









1 $\mathrm{L}\mathrm{e}\mathrm{s}\mathrm{i}\mathrm{e}\mathrm{u}\mathrm{r}[6]$ $\mathrm{W}\mathrm{a}\mathrm{l}\mathrm{e}\mathrm{f}\mathrm{f}\mathrm{e}[7]$ Fourier
( ) Fourier
2
$u(x)$ Fourier \^u( $k$ ( $L^{2}$




$\wedge\kappa(k)\cross X\wedge$ $(\wedge\kappa(k)//\wedge z)$
, $\theta(k)\wedge=\hat{\varphi}(k)\cross\kappa(\wedge k)$ .
$\frac{\wedge\wedge z\cross\kappa(k)}{|^{\wedge\wedge}z\cross\kappa(k)|}$ (otherwise)
(2)
$\{\wedge\kappa(k), \theta(k)\wedge,\hat{\varphi}(k)\}$ $h(k, \sigma)(\sigma=\pm 1)$ :
$h(k, \sigma)=\frac{\theta(k)+\mathrm{i}\sigma\hat{\varphi}(k)\wedge}{\sqrt{2}}$ . (3)
1 Coulomb
[5]
2 Fourier $\wedge u(k)$ $k\cdot u(k)\wedge=0$ $\wedge u\pm(k)=u(k)\wedge+\mathrm{i}\kappa(k)\wedge \mathrm{x}u(k)\wedge$
[4]
$3^{\wedge}\theta(k),$ $\varphi(k)\wedge$ $k-$
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:: $k\cdot h(k, \sigma_{k})=0$, $\cdot$ . (4)
Beltrami’E: $\mathrm{i}k\cross h(k, \sigma_{k})=\sigma_{k}|k|h(k, \sigma_{k})$ , (5)
: $h(k, \sigma_{k})=h(-k, \sigma_{k})=h(k, -\sigma_{k})$ , (6)
: $\overline{h(k,\sigma_{i})}\cdot h(k, \sigma_{j})=\delta(\sigma_{i}|\sigma j)$ , (7)
$\overline{f}$ $f$ $\delta(A|B)$ “Kronecker ” $A$ $B$
1 $0$
$h(k, \sigma)$ $\mathrm{R}^{3}$ $\int u(x)\mathrm{d}_{X}=0$ $u(x)$ Fourier
\^u (k) $k$
\^u (k) $=$ $\wedge u_{x}(k)x\wedge+u_{y}(\wedge k)^{\wedge}y+u_{z}(\wedge k)^{\wedge}z$ (8)
$=$ $u_{+}(\wedge k)h(k, +)+u_{-}(\wedge k)h(k, -)+u_{d}(\wedge k)^{\wedge}\kappa(k)$ (9)
$u_{+}(\wedge k)=\hat{u}(k)\cdot\overline{h(k,+)}$ , $u_{-}(\wedge k)=\hat{u}(k)\cdot\overline{h(k,}$-), $u_{d}(\wedge k)=\hat{u}(k)\cdot\wedge\kappa(k)$ (10)
$u(x)$ 4
$u(x)$ $=$ $u_{+}(x)+u_{-}(x)+u_{d}(X)$ , (12)
$u+(x),$ $u_{-(}X),$ $ud(x)$ $L^{2}(\mathrm{R}^{3})$ :
$u_{+}(x)$ $=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}^{3^{\wedge}}}u_{+(k)}h(k, +)\exp(\mathrm{i}k\cdot x)\mathrm{d}k$ , (13)
$u_{-}(x)$ $=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}^{3^{\wedge}}}u_{-(k})h(k, -)\exp(\mathrm{i}k\cdot x)\mathrm{d}k$ , (14)
$u_{d}(x)$ $=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3^{\wedge}}u_{d}(k)\wedge(\kappa k)\exp(\mathrm{i}k\cdot x)\mathrm{d}k$. (15)
1 5:
$\frac{\partial u_{\pm}}{\partial x_{j}}=\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}^{3}}\mathrm{i}kju\pm(\wedge k)h(k, \pm)\exp(\mathrm{i}k\cdot X)\mathrm{d}k$, (16)
$j=1,2,3,$ $(x_{1}, x_{2}, x_{3})=(x, y, z),$ $(k_{1}, k_{2}, k_{3})=(k_{x}, k_{v}, k_{z})$
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$L^{2}$ ( ) –




Beltrami Laplace $\triangle$ $\lambda_{\text{ }}$ $f_{\lambda}(x)$
$j_{\lambda,\pm}(x)=\nabla \mathrm{x}\nabla_{\mathrm{X}}(f_{\lambda}(x)e)\pm\sqrt{-\lambda}\nabla \mathrm{X}(f_{\lambda}(x)e)$ (11)
$e$ Chandrasekhar-Kendall [9] curl
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1 $\Gamma$ $\wedge\overline{\wedge}-\cdot-\backslash \wedge_{-}’-\backslash --$ ’ $–\backslash$
$\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3}f_{i}(k)\wedge_{fj}(k)\mathrm{d}k=\delta(i|\wedge\overline{\wedge}j)$ (18)
$\{.f_{N,\sigma}(x);N\in K, \sigma=\pm 1\}$ $\{f_{N}(X);N\in K\}$ $\{^{\wedge}f_{N}(k);N\in K\}$
$f_{N,\sigma}(x \backslash )\equiv\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3}f_{N}(k)h(k, \sigma)\exp(\mathrm{i}k\cdot x)\wedge \mathrm{d}k$ . (19)
$\int_{\mathrm{R}3}fi,\sigma_{i}(x)\cdot\overline{f_{j},\sigma_{j}(X)}\mathrm{d}x$ $=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3}fi(k)\wedge_{f_{j}}(k)\wedge\overline{\wedge}[h(k, \sigma_{i})\cdot\overline{h(k,\sigma_{j})}]\mathrm{d}k$,
$=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3}fi(k)\wedge_{f_{j(k}})\delta(\sigma i|\sigma_{j})\wedge\overline{\wedge}\mathrm{d}k$ ,




$u(j, \sigma)$ $=$ $\int_{\mathrm{R}3}u(x)\cdot\overline{f_{j},\sigma(X)}\mathrm{d}x$ ,
$=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3}\overline{\wedge_{f_{j(k)}}\wedge}(\hat{u}(k)\cdot\overline{h(k,\sigma)})\mathrm{d}k$ ,
$=$ $\frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3^{\wedge}}u_{\sigma}(k)\wedge_{fj}(k)\mathrm{d}k\overline{\wedge}$ ,
$=$ $\int_{\mathrm{R}3}u_{\sigma}(x)\overline{fj(X)}\mathrm{d}_{X}$ . . (21)
$u_{\sigma}(x)$ $u_{\sigma}(x)$
$u_{\sigma}(x)= \frac{1}{(2\pi)^{3}}\int_{\mathrm{R}3^{\wedge}}u_{\sigma}(k)\exp(\mathrm{i}k\cdot X)\mathrm{d}X$ (22)
$L^{2}(\mathrm{R}^{3})$ 6
$\{f_{N}(x);N\in K\}$ $\mathrm{R}^{3}$ $\{\psi_{j\mathrm{I}}\epsilon l(x)$
( $j$ $\epsilon$ $l$ $-$
)
13
$L^{2}(\mathrm{R}^{N})$ ( [12, 13])
(multiresolution approximation, MRA) $L^{2}(\mathrm{R}^{N})$
$\{V_{j;}V_{j}\subset L^{2}(\mathrm{R}^{N}),j\in \mathrm{Z}\}$ ( [12] \S 2.2):
1. $V_{j}\subset V_{j+1}$ for $\forall j\in \mathrm{Z}$ ;
6 $h(k, \sigma)$ –
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4. $f(x)\in V_{j}\Leftrightarrow f(2x)\in V_{j+1}$ for $\forall f\in L^{2}(\mathrm{R}^{N}),$ $\forall j\in \mathrm{Z}$ ;
5. $f(x)\in V_{0}\Leftrightarrow f(x-k)\in V_{0}$ for $\forall f\in L^{2}(\mathrm{R}^{N}),$ $\forall k\in \mathrm{Z}$ ;
6. $\exists g(x)\in V_{0}\mathrm{s}.\mathrm{t}$ . {$g(x-k);k\in \mathrm{Z}$ , V0 Riesz }.
$V_{0}$ Riesz $V_{0}$ ( [12]
\S 2.3, Theorem 1)
1 $\phi(x)\in L^{2}(\mathrm{R})$
1. $\phi(x)$ ;
2. $\phi(x)$ Fourier $\phi(k)\wedge$ $\sum|\phi(k+2\wedge\pi l)|^{2}\equiv 1$ ;
$\iota\in \mathrm{Z}$
3. $|\phi(0\wedge)|=1$ ;
4. $\exists m_{0}(k)\in C^{\infty}(\mathrm{T})\mathrm{S}.\mathrm{t}.\phi(2\wedge k)=\phi(k)m_{0}\wedge(k)$,
( $C^{\infty}(\mathrm{T})$ $2\pi$ ) MRA $L^{2}(\mathrm{R})$
$\{V_{j},j\in \mathrm{Z}\mathrm{s}.\mathrm{t}$ . $V_{0}=\overline{\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}\{\phi(x-\iota)\cdot,l\in \mathrm{Z}\}}\}$ 8( [13]
621, $)_{0}$ MRA $\phi(x)$
$L^{2}(\mathrm{R})$ $f(x)$
$\{\phi_{j,l}(x)\equiv\sqrt{2^{j}}\phi(2jx-l);l\in \mathrm{Z}\}$
$f_{j}(X)= \sum l\in \mathrm{z}f_{j,l}\phi_{j,\iota}(X)$
, $f_{j,l}= \int_{\mathrm{R}}f(y)\overline{\phi_{j,l(y})}\mathrm{d}y$ (23)
Mayer $\{f_{j}(X)\}$ $f(x)$ $L^{2}$ $(\mathrm{R}^{N})$ Sobolev $H^{s}$
( $-r\leq s\leq r,$ $r$ $\phi(x)$ ” $\mathrm{r}\mathrm{e}\mathrm{g}\mathrm{u}\mathrm{l}\mathrm{a}\mathrm{r}\mathrm{i}\mathrm{t}\mathrm{y}$” )$9$ ( $[12]\S 2.7$ , Theorem 6) “regularity”
$r$ $f(x)$ r- $j$ $f_{j}(x)=f(x)$








1 MRA $\phi(x)$ $-[]\mathrm{s}$
$\{\phi 1,\iota(X)\equiv\sqrt{2}\phi(2_{X}-\iota)\}$ $\phi(x)$ $W_{0}$ $\psi(x)$
(”mother wavelet” ) :
$\exists\{a_{l}\},$ $\{b_{\mathrm{t}}\}\in l2(\mathrm{z})\mathrm{s}.\mathrm{t}$ . $\phi(x)=\sum al\phi_{1,l}(x)\in V_{0}$ , $\psi(x)=\sum b_{l}\phi 1,l(x)\in W_{0}$ . (26)
$l\in \mathrm{Z}$ $\iota\in \mathrm{Z}$
7 (closure, $-*$) $L^{2}$
8 $\emptyset(X)$ MRA $\{V_{j}\}$
9 $\emptyset(X)$ r-regular $r$
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Fourier ([13] \S 5.6, 565):
$\exists m_{1}(k)\in C^{\infty}(\mathrm{T})\mathrm{s}.\mathrm{t}$ .
Fourier
$\phi(2k)\wedge=\phi(k)m_{0}\wedge(k)$ , $\hat{\psi}(2k)=\phi(k)\wedge m_{1}(k)$ (28)
$\psi(x)$ $W_{j}$
$W_{j}=\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{n}\{\sqrt{2^{j}}\psi(2jx-l);^{\iota}\in \mathrm{Z}\}$ (29)
3 1 MRA $\{V_{j}(\mathrm{R})\}$
$V_{j}(\mathrm{R}^{3})\equiv V_{j}(\mathrm{R})\otimes V_{j}(\mathrm{R})\otimes V_{j}(\mathrm{R})$ (30)
$L^{2}(\mathrm{R}^{3})$ MRA { $V_{j(\mathrm{R}^{3})\}}$ +1
– 3 1 .
$\psi \mathrm{o}(X)=\phi(x)\in V_{0}(\mathrm{R})$ , $\psi_{1}(x)=\psi(x)\in W_{0}(\mathrm{R})$
$\psi_{\epsilon}(_{X)}=\psi_{\epsilon_{x}}(x)\psi\epsilon_{y}(y)\psi\epsilon_{z}(z), \epsilon=\epsilon_{x}+2\epsilon_{y}+4\epsilon_{z}$ (31)
$\epsilon=0$ : $(\in V_{0}(\mathrm{R}^{3}))\text{ }$ $\epsilon=1,2,$ $\ldots,$ $7$ : $(\in W_{0}(\mathrm{R}^{3}))$
$(\mathrm{R}^{3})$ ( $\epsilon=0$ ), $W_{j}(\mathrm{R}^{3})$ ( $\epsilon=1,2,$ $\ldots 7$ )
$\psi_{j\epsilon l}(X)=\sqrt{2^{3j}}\psi_{\epsilon_{x}}(2^{j}x-lx)\psi_{\epsilon_{y}}(2^{j}y-ly)\psi_{\epsilon}z(2^{j}z-l_{z})$ , $l=(l_{x}, l_{y}, l_{z})\in \mathrm{Z}^{3}$ (32)
Littlewood-Paley MRA
(Mayer ) Fourier $\phi(k)\wedge$
$C^{\infty}-$ :
$\phi(k)\wedge=\{$
1 on the interval $[- \frac{2\pi}{3}, \frac{2\pi}{3}]$
$0$ outside the interval $[- \frac{4\pi}{3} , \frac{4\pi}{3}]$ . (33)
$[- \frac{4}{3}\pi, -\frac{2}{3}\pi],$ $[ \frac{2}{3}\pi, \frac{4}{3}\pi]$ $0\leq|\phi(k)|\wedge\leq 1$ $|\phi(k\wedge)|^{2}+|\phi(k\wedge+\pi)|^{2}=1$ $C^{\infty}$
Yamada and Ohkitani [14]
$\phi(k)=\sqrt{g(k)g(-k)}\wedge$ , (34)
$g(k),$ $h(k)$ :
$g(k)= \frac{h(\frac{4\pi}{3}-k)}{h(k-\frac{2\pi}{3})-h(\frac{4\pi}{3}-k)}$ , $h(k)=\{$
$\exp(-\frac{1}{k^{2}})$ $k>0$
$0$ $k\leq 0$ .
(35)
Mayer $m_{0}(k),$ $m_{1}(k)(\in C^{\infty}(\mathrm{T}))$




Euler Riemann $-\text{ }$
( )
( ) Riemann Lie
Arnol’d [15] Arnol’d Lie
( )
Riemann 2, 3
1 Iima and Toh –
$[16]_{0}$
$D$ $t(\in \mathrm{R})$ $t$
$\chi^{S}(D)\cap L^{2}(D)$ – $u(x, t)$
Lagrange
$\frac{\mathrm{d}X(t)}{\mathrm{d}t}=u(X(t), t)$ , (37)
$X(t)(X(t_{0})=x_{0})$ Dirac $\delta(x)$
$\psi(x_{1}, t_{1}|u(x, t)|x0, t\mathrm{o})\equiv\delta(x_{1}-X(t_{1}))$ (38)
Kaneda ( [17]) $D$
$u(x, i)$ :
$f(X_{1}, t_{1})= \int_{\mathrm{R}3}\psi(_{X}1, t_{1}|u(x, t)|x_{0,0}t)f(x0, t0)\mathrm{d}x_{0}$. (39)
$D$ $D$ ( $D$ $t$ ) $u$
$D$ $f(x, t)$
$u(x, t)$
$\frac{\partial f(x,t)}{\partial t}+u(x, t)\cdot\nabla f(x, t)=0$ (40)
$t_{1}$
$( \frac{\partial}{\partial t_{1}}+u(x_{1}, t1)\cdot\nabla x_{1})\psi(x_{1}, t_{1}|u(X, t)|X0, t0)=0$ (41)
$\psi(_{X_{2}}, t_{2}|u(X, t)|x0, t_{0})=\int_{\mathrm{R}^{3}}\mathrm{d}x_{1}\psi(_{X_{2}}, t2|v(_{X}, t)|X_{1}, t1)\psi(x1, t1|w(_{X}, t)|X_{0}, t_{0})$ (42)
( $v$ $w$ $t_{1}$ ) $1$
SDiffD
SDiffD $e$ ( $id$ )
$\psi(X_{1}, \mathrm{O}|u(X, t)|x0, \mathrm{o})--\delta(x_{1}-x_{0})$ (44)
(41)
$[ \frac{\partial}{\partial t}]=-u_{0}(X)\cdot\nabla$ (45)
$10_{u(x,t)}$ :
$u(x,t)=$ $t\leq t_{1}t\geq t_{1}$ (43)
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( $[^{*}]$ $t=0$ $u_{0}(x)$ $\{u(x, t)\}$
) $T_{e}\mathrm{S}\mathrm{D}\mathrm{i}\mathrm{f}\mathrm{f}D$ $D$ $x^{s}(D)$
$[a, b]$ Poisson 11 :
$[a, b]=(b_{k}(x) \frac{\partial a_{j}(_{X)}}{\partial x_{k}}-a_{k}(X)\frac{\partial b_{j}(x)}{\partial x_{k}})\frac{\partial}{\partial x_{j}}$ , (46)
$\chi^{S}(D)$ Lie Lie SDiffD
Lie sdiffD
(SDiffD $e$ )Riemann
12 $a,$ $b(\in\chi^{S}(D)\cap L^{2}(D))$
$\langle a, b\rangle\equiv\int_{D}a(x)\cdot b(_{X})\mathrm{d}_{X}$ (48)
Lie $\mathrm{S}\mathrm{D}\mathrm{i}\mathrm{f}\mathrm{f}D$ Riemann ( )
$a,$ $b$ $c$ $\nabla_{C}$
13
:
$\langle\nabla_{c^{a}},$ $b\rangle+\langle a,$ $\nabla_{C}b\rangle=0$ , for $\forall a,\forall b$ and $\forall c\in\chi^{S}(D)$ . (49)
Arnol’d (Lie Levi-Civita ) $\nabla$
[15]:
$\nabla_{C}a=\frac{1}{2}([c,$ $a]-B(C, a)-B(a, c)\mathrm{I}\cdot$ (50)
$B(c, a)$
$\langle b,$ $B(_{C,a})\rangle\equiv\langle c,$ $[a, b]\rangle$ (51)
Riemann $c$ $b$
$\langle b,$ $\nabla_{\mathrm{C}}a\rangle$ $=$ $\frac{1}{2}\int_{D}[b\cdot(a\cdot\nabla)_{C}-b\cdot(C\cdot\nabla)a-C\cdot(b\cdot\nabla)a$
$+c\cdot(a\cdot\nabla)b+a\cdot(\mathrm{C}\cdot\nabla)b-a\cdot(b\cdot\nabla)\mathrm{C}]\mathrm{d}x$ (52)
2, 3
$\langle b,$ $\nabla_{C}a\rangle$ $=$ $\frac{1}{2}\int_{D}[-b\cdot(_{C\cdot\nabla})a+a\cdot(c\cdot\nabla)b+\nabla\cdot((b\cdot c)a-(_{C}\cdot a)b)]\mathrm{d}X$ (53)
$=$ $\int_{D}[-b\cdot(_{C}\cdot\nabla)a+\frac{1}{2}\nabla\cdot((b\cdot c)a-(c\cdot a)b+(a\cdot b)C)]\mathrm{d}x$ (54)
11 Arnol’d $a,$ $b$ $[a, b]=\nabla\cross(a\cross b)$
Poisson curl –
.
$12\mathrm{S}\mathrm{D}\mathrm{i}\mathrm{f}\mathrm{f}D$ ( ) (48) $x$ Lagrange $u(x, t)$ $(t$
)
$\langle a, b\rangle_{u}\equiv\int_{D}a(x(t))\cdot b(x(t))\mathrm{d}X(t),\dot{X}(t)=u(X(t),t)$ (47)
$\psi(*|u(X, t)|*)(\in \mathrm{S}\mathrm{D}\mathrm{i}\mathrm{f}\mathrm{f}D)$ Riemann
13 Constantin et $\mathrm{a}1.[11]$
Besov $B_{3,\infty}^{\alpha}(\alpha>1/3)$
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$0$ 1 Riemann Iima and








$\langle b,$ $\nabla_{c^{a}}\rangle$ $=$ $\int_{\mathrm{R}}(-bc\frac{\partial a}{\partial x}+aC\frac{\partial b}{\partial x})\mathrm{d}X$ (57)
Iima and Toh ”unit” – $0$
$c$ $a$
$\nabla_{c^{a}=-}2c\frac{\partial a}{\partial x}-a\frac{\partial c}{\partial x}$ (58)
(”Euler” )
$\frac{\partial u}{\partial t}=-3u\frac{\partial u}{\partial x}$ (59)





Euler $a,$ $b,$ $c$
14:
$\langle a,$ $a\rangle\dot{A}$ $=$ $\langle a,$ $\nabla_{a^{b}\rangle B}A+\langle a,$ $\nabla_{a}c\rangle Ac+\langle a,$ $\nabla_{b^{b}}\rangle BB$
$+\langle a,$ $\nabla_{b}c\rangle Bc+\langle a,$ $\nabla_{C}b\rangle BC+\langle a,$ $\nabla_{C}c\rangle CC$, (61)
$\langle b,$ $b\rangle\dot{B}$ $=$ $\langle b,$ $\nabla_{a}a\rangle AA+\langle b,$ $\nabla_{a}c\rangle AC+\langle b,$ $\nabla_{b^{a}}\rangle AB$
$+\langle b,$ $\nabla_{b}C\rangle BC+\langle b,$ $\nabla_{\mathrm{C}}a\rangle Ac+\langle b,$ $\nabla_{c^{c}\rangle cc}$, (62)
$\langle c,$ $c\rangle\dot{C}$ $=$ $\langle c,$ $\nabla_{a}a\rangle AA+\langle c,$ $\nabla_{a}b\rangle,AB+\langle c,$ $\nabla_{b^{a}}\rangle AB$
$+\langle c,$ $\nabla_{b}b\rangle BB+\langle c,$ $\nabla_{\mathrm{C}}a\rangle Ac+\langle c,$ $\nabla_{\mathrm{C}}b\rangle BC$ . (63)
14 $\mathrm{R}\mathrm{i}\mathrm{e}\mathrm{m}\mathrm{a}\mathrm{n}\mathrm{n}$




$\frac{1}{2}\frac{\mathrm{d}}{\mathrm{d}t}\langle u,$ $u\rangle$ $=$ $\langle a,$ $a\rangle A_{\lrcorner}\dot{4}+\langle b,$ $b\rangle B\dot{B}+\langle c,$ $c\rangle c\dot{c}$ , (64)
$=$ $(\langle a,$ $\nabla_{a^{b}\rangle}+\langle b,$ $\nabla_{a^{a}}\rangle)AAB+(\langle a,$ $\nabla_{a}C\rangle+\langle c,$ $\nabla_{a}a\rangle)AAC$
$+,$
$(\langle a,$ $\nabla_{b}b\rangle+\langle b,$ $\nabla_{b^{a}}\rangle)ABB+(\langle a,$ $\nabla cc\rangle+\langle c,$ $\nabla_{c^{a}\rangle)}ACC$
$+(\langle b,$ $\nabla_{b^{c\rangle}}+\langle c,$ $\nabla_{b}b\rangle)BBC+(\langle b,$ $\nabla_{C^{\mathrm{C}}}\rangle+\langle c,$ $\nabla_{C}b\rangle)BCC$
$+(\langle a,$ $\nabla_{b}c\rangle+\langle a,$ $\nabla_{c^{b}\rangle+}\langle b,$ $\nabla_{a^{c}}\rangle$
$+\langle b,$ $\nabla_{c^{a}}\rangle+\langle c,$ $\nabla_{a}b\rangle+\langle c,$ $\nabla_{b^{a}}\rangle)ABC$,
$=$ $0$ . (65)
$16\circ$ $\langle a,$ $\nabla_{C}b\rangle$ $a,$ $b$
$0$ 2 3
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:
$h(k, \sigma)\exp(\mathrm{i}k\cdot x)$
(52) $(q,\sigma_{q})$ $(p,\sigma_{p})$ $(k,\sigma_{k})$
$\langle h(k, \sigma_{k})\exp(\mathrm{i}k\cdot x),$ $\nabla_{h}(p, \sigma p)\exp(\mathrm{i}p\cdot X)^{h}(q, \sigma)q\mathrm{p}(\mathrm{e}\mathrm{x}\mathrm{i}q\cdot x)\rangle$
$=$ $\frac{1}{2}(\sigma_{k}|k|-\sigma_{p}|P|+\sigma_{q}|q|)[h(k, \sigma_{k}),$ $h(p, \sigma)p’ h(q, \sigma_{q})]\delta(k+p+q|0)$ . (66)
$[$ ,, $]$ $[a, b, c]\equiv a\cdot(b\cross c)$
Levi-Civita $p,$ $q$
Euler
. $(q,\sigma_{q}),$ $(p,\sigma_{p})$ $(k,\sigma_{k})$ ( ”triad $\mathrm{i}\mathrm{n}\mathrm{t}\mathrm{e}\mathrm{r}\mathrm{a}\mathrm{C}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}^{)}$ ’
) $T(k|p, q)$
$T((k, \sigma_{k})|(p, \sigma p),$ $(q, \sigma_{q}))$ (67)
$=$ $(\sigma_{q}|q|-\sigma|pp|)[h(k, \sigma_{k}),$ $h(p, \sigma_{p}),$ $h(q, \sigma_{q})]\delta(k+p+q|_{0})$ . (68)
$\mathrm{L}\mathrm{e}\mathrm{s}\mathrm{i}\mathrm{e}\mathrm{u}\mathrm{r}[6]$ $\mathrm{W}\mathrm{a}\mathrm{l}\mathrm{e}\mathrm{f}\mathrm{f}\mathrm{e}[7]$
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